We investigated the effects ofcalcitonin (CT) and parathymoid hormone (PTH) on the distribution ofactin, tubulin, vimentin, and on cell size in cultured chick osteoclasts.
In addinon, we studied the effects of colchicine on intracellular acidity.
Osteodasts were isolated from the endosteum of 2-3week chick tibias and were maintained under culture conchtions for 5 days. The cells were treated with CT for 30 mm or P'FH for 60 miii and were observed after immunocytochemical staining ofcytoskeletal proteins. 1982; Lucht, 1972; Dudley and Spiro, 1961; Gaillard, 1961; Hancox and Boothroyd, 1961; Goldhaber, 1960 ct al. , 1982; Miller, 1977; Singer et al., 1976) . The high level of cell motility and the polarization of the cell structure with respect to the bone surface suggest array ofcytoskeletal elements in the cell center.
In addition, the mean area of the CT-treated cells was significantly less than that ofthe untreated cells. et al., 1985; Minkin andJennings, 1972; Gothlin and Ericsson, 1971; Vaes, 1968; Neuman et al., 1960; Neuman et al., 1956 
Acridine Orange Staining
Acridine orange staining was performed as described by Hunter et al. (1988a) . Briefly, coverslips with adhering ostcoclasts were incubated in medium con- 
Cell Staining

Immunocytocheinicai
Staining.
Cytoskeletal immunocytochemistry was performed after 5 days in culture when the cells were flattened and well spread. Slightly different procedures were used depending on the filament system to be stained.
Immunocytochemical staining of microfilaments and microtubules employcd a Triton X-100/SDS buffer as described by Lazarides (1982) (1977) . Briefly, covemslips were dipped once in PBS and fixed in methanol for 5 mm at -20'C, followed by six dips (1 dip/see) in acetone at -20C. The covemslips were then allowed to air-dry. From this point on the procedure was that previously given, starting with the 5-mm wash in PBS before the first rinse in the Triton X-100/SDS buffer. Slides were examined with a Leitz microscope with epifluorescent op.
tics using the wide-band blue high-intensity filter system (H2 filter cube: excitation range 455-490 nm, 510 nm emission, 515 nm suppression), and photographed with KOdak Tri-X film developed in Diafinc.
Acid Phosphatase
The histochemical method ofBarka for acid phosphatase was followed, as described by Thompson (1966) , except that fixation was for 10 mm in 4% paraformaldehydc at 4'C. Staining with rhodamine 123 showed that although the mitochondria were most heavily concentrated in the perinuclear area, they also extended into the cytoplasmic apron and were often found near the cell edge where edge ruffling was apparent ( Figure  1B) .
The mitochondria appeared to radiate from the central region of the cell and also to encircle some ofthe larger vacuoles ( Figure  1B) . Abundant mitochondria are a hallmark of osteoclast morphology, and this feature is preserved in the cultured osteoclasts.
Tartrateresistant acid phosphatase was localized to the center of the cells and the cytoplasmic apron was strikingly devoid of reaction product ( Figure  1C ). Fibmoblasts were devoid of acid phosphatase and contained few mitochondria. Regions projecting outward had more bright spots, whereas indented areas were generally free of bright spots. In the rest of the cells the actin staining pattern consisted offilaments running from the cell center to the periphery, with few or no bright spots ( Figure  2B ).
Cytoskeletal Elements in Untreated Osteoclasts
Brighter staining edge regions were observed and are proposed to be sites of cell movement ( Figure  2B ).
Vimentin staining in untreated cells appeared as intense fluorescence in the cell center, with the many vacuoles encircled by the vimentin filaments ( Figure  2C ). Although the heaviest concentration ofvimentin staining was found in the cell center, some staining was observed in the cytoplasmic apron.
Tubulin staining in untreated osteoclasts revealed micmotubules which radiated outward from the cell center and commonly ran parallel to the cell edge but did not extend into it ( Figure  2D ).
Often there appeared to be a microtubule-free region of cytoplasm between the cell margin and the microtubules running parallel to the cell edge ( Figure  2D , arrow).
The Cytoskeleton After Hormone Treatment
The Figure  2F) .
After a 30-mm CT treatment the vimentin staining pattern appeared as a more densely stained central area, with nuclei and vacuoles appearing more closely packed ( Figure  2G ). In many cases the cell apron was almost invisible, as though the marginal filament network had pulled into the center of the cell. 
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Tubulin staining after CT treatment revealed a more condensed microtubule network with heavily stained cell centers ( Figure  2H ).
The microtubules were now seen to extend to the retracted cell mar-
gins.
A microtubule-free region between the cell margin and microtubules running parallel to it was noted less often after CT treatment.
Cell Area Measurements
Cell area measurements were made on living cells in the presence ofCT and PT!-!. The data for treated and untreated cells arc shown in 
Colchicine Effects on Intracellular Acidity
After 5 days ofculture, osteoclasts stained with acridinc orange had centrally localized, intense orange fluorescent spots. The cytoplasmic apron was generally free oforange staining. The data in Figure   4 show HUNTER, SCHRAER, that found in other cell types (Marchisio et al., 1978; Osbomn and Webem, 1976) .
GAY
Microtubules are proposed to play roles in bidirectional organelle movement (Schnapp et al., 1985) and in cytoplasmic vesicle transport (Nagura et al., 1979; Redman et al., 1975 sivc increase in intracellular acidity, suggesting that microtubulemediated vesicle transport occurs in these cells (Hunteret al., 1988b) .
Effects of Colchicine
Colchicine has been shown to inhibit H secretion by gastric oxyntic cells (Kasbekar and Gordon, 1979) and also to inhibit PTHstimulated bone resorption in organ culture (Holtrop et al. , 1974; Raisz et al., 1973) . Colchicine also causes rearrangements in the vimentin network in cells, with the filaments appearing to pool into caps or lakes (Hynes and Destree, 1978; Holtrop et al., 1974) . shown them to be also centrally localized, with very few acidic vesides found in the flattened cytoplasmic apron (Hunter et al., 1988a) . et al., 1982; Miller, 1977; Singer et al., 1976) . The rearrangements noted in the punctate actin pattern may be analogous to the stress fiber change noted in the previously mentioned cell types.
Effects of Calcitonin
The significant osteoclast area reduction after "30-min exposure to either dose of CT appears to reflect a change at the upper end of the range of areas measured.
The lower end of the area range for control and CT-treated cells was "-'2040 tm2 and "-'2300 im2, 
